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(57) ABSTRACT

The steering and cleaning mechanism for retlector arrays
includes at least one fixed rail and a movable rail slidably
movable along the at least one fixed rail. The at least one fixed
rail 1s disposed adjacent a plurality of retlectors arranged 1n an
array. A positioning/cleaning carriage is disposed on the mov-
able rail and slidably movable thereon. The positioning/
cleaning carriage includes a positioning module and a clean-
ing module. The positioning/cleaning carriage 1s positioned
over a select retlector by the combined movement of the
movable rail and the carnage along the movable rail. Once
positioned, the positioning module and the cleaning module
are selectively actuated to both orient the target reflector 1n the
desired position and to clean the same.

16 Claims, 8 Drawing Sheets
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STEERING AND CLEANING MECHANISM
FOR REFLECTOR ARRAYS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to solar reflector array main-
tenance systems, and particularly to a steering and cleaning,
mechanism for reflector arrays that provides an economical
and relatively simple solution for optimum positioning of the
reflector arrays and cleaning thereof.

2. Description of the Related Art

Solar energy has long been a viable source of alternative
and environmentally friendly energy. Certain regions of the
world such as deserts, tropics and even some sub-tropical
areas have an abundance of this resource due to their location
and climate. However, many do not have the means nor the
resources to elliciently harness the solar energy for conver-
s1on 1nto electricity, an ubiquitous source of power used 1n
many aspects of one’s life and activity.

One solution utilizes solar panels, a photovoltaic system
that converts solar radiation directly mto electricity. However,
most commercial solar panels tend to be 1neflicient, and the
more etficient solar panels tend to be relatively expensive due
to the complexity and costs involved 1n manufacture of the
components.

Another solution utilizes the concept of solar thermal
energy 1n which solar energy i1s harnessed to heat a medium,
¢.g., air, water, or some other fluid. The heated medium can be
used as a source of heat for domestic needs (low temperature)
or converted into electricity by driving generator turbines
(high temperature). In the case of the latter, a conventional
solar thermal power plant typically uses arrays of curved or
flat reflector panels that concentrate solar radiation to a pre-
defined point or area to heat a medium thereon. Unifortu-
nately, these types of power plants can be costly to build and
maintain. Some factors that impact cost and maintenance are
the size and availability of the land for installing the arrays,
the systems required to adjust the retlector panels for maxi-
mizing exposure to the sun, and the periodic cleaning of the
mirror surfaces. A typical positioning system may include
two servomotors and two sensors in each reflector panel to
facilitate positioming thereof as each follow the path of the
sun. The costs involved with such a system for multiple panels
can be steep. Moreover, cleanming each retlector panel can be
a time consuming process with increased costs. The cleaning
typically requires a vehicle with cleaning equipment and at
least one operator for the task. When required to clean mul-
tiple panels, the time and financial expenses involved can
negatively impact the resources of the plant. In some
instances, 1t may cause a loss in production due to mainte-
nance shutdown.

In light of the above, 1t would be a benefit 1n the art of solar
energy usage to provide a system that can efficiently position
reflector panels and clean the same. Thus, a steering and
cleaning mechanism for reflector arrays solving the afore-
mentioned problems 1s desired.

SUMMARY OF THE INVENTION

The steering and cleaning mechanism for reflector arrays
includes at least one fixed rail and a movable rail slidably
movable along the at least one fixed rail. The atleast one fixed
rail 1s disposed adjacent a plurality of reflectors arranged 1n an
array. A positioning/cleaning carriage is disposed on the mov-
able rail and slidably movable thereon. The positioning/
cleaning carriage includes a positioning module and a clean-
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ing module. The positioning/cleaning carriage 1s positioned
over a selected retlector by the combined movement of the
movable rail and the carnage along the movable rail. Once
positioned, the positioning module and the cleaming module
are selectively actuated to both orient the target retlector in the
desired position and to clean the same.

These and other features of the present invention will
become readily apparent upon further review of the following
specification and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a steering and cleaning,
mechanism for reflector arrays according to the present
imnvention,

FIG. 2 1s a schematic diagram of a positioning/cleaning
carriage overlying an individual reflector according to the
present 1nvention.

FIG. 3 1s a block diagram of the components in the posi-
tioning/cleaning carriage according to the present invention.

FIG. 4 1s a schematic diagram of an alternative embodi-
ment of a steering and cleaning mechanism for reflector
arrays according to the present mnvention.

FIG. 5 1s a schematic diagram of a still further embodiment
of a cleaning mechanism for parabolic reflectors according to
the present invention.

FIG. 6 1s a schematic diagram of a modified reflector panel
having identiiying indicia for use with the steering and clean-
ing mechanism for retlector arrays according to the present
invention.

FIG. 7A 1s a schematic diagram of another modified reflec-
tor panel for use with a steering and cleaning mechanism for
reflector arrays according to the present invention.

FIG. 7B 1s a schematic diagram of an alternative position-
ing/cleaning carriage overlying the retlector panel of FIG.
TA.

FIG. 8A 1s a schematic diagram showing the rear face of
another modified retlector panel for use with a steering and
cleaning mechanism for retlector arrays according to the
present invention.

FIG. 8B 1s a schematic diagram of an alternative position-
ing/cleaning carriage overlying the reflector panel of FIG.
S8A.

Similar reference characters denote corresponding fea-
tures consistently throughout the attached drawings.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The steering and cleaning mechanism for reflector arrays,
a first embodiment of which i1s generally referred to by the
reference number 10 1 FIG. 1, provides automatic position-
ing of each reflector panel in an array, and an integrated
cleaning means for periodic cleaning of the retlector panel.
Initially, 1t 1s noted that the term “‘retlector”, as used herein,
refers to any panel that has reflective properties. In the
embodiment shown in FIG. 1, the steering and cleaning
mechanism 10 includes a pair of elongate, fixed rails 12
disposed on opposite sides of an array of retlector panels 16.
A movable or sweeping rail 14 extends orthogonal to the fixed
rails 12 and 1s movable thereon, as indicated by the arrows 11.
The movable rail 14 supports a positioning/cleaning carriage
20.

As shown 1n FIG. 1 which shows a typical grid-like pattern
of reflectors or retlector panels 16, the movable rail 14 slides
along the fixed rails 12 to position the positioning/cleaning
carriage 20 over or above a select row (or column) of retlec-
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tors 16. The positioning/cleaning carriage 20, 1n turn, 1s slid-
able along the movable rail 14, as indicated by arrows 21, to
be positioned over an individual reflector 16 1n order to facili-
tate steering and cleaning thereol. The movable rail 14 can
translate along the rails 12 by any conventional means, such
as motor, belts drives, rack and pinion, etc. Similar means can
be incorporated to move the positioning/cleaning carriage 20
along the rail 14.

As shown in FIG. 2, each reflector 16 1s mounted on a base
18 by a joint 19. The joint 19 1s preferably a ball and socket
joint, which provides at least two degrees of freedom of
movement, 1.e., t1lt 1n a first direction (e.g., about an X-axis)
and t1lt 1n second direction orthogonal to the first direction
(e.g., about a Y-axis). The joint 19 1s preferably robust to
withstand, within user-defined tolerance limits, external envi-
ronmental forces, such as from wind shear and inclement
weather that may cause undesirable movement of the reflector
16 from a preselected position. The joint 19 can include a
mechanical guide to limit movement to the two degrees of
freedom of movement mentioned above and prevent mixing
of the movements.

In order to set each retlector 16 to the desired position, the
positioning/cleaning carriage 20 includes a positioning mod-
ule 22, as diagrammatically shown 1n FIG. 3. The positioning,
module 22 1s operatively connected to a central processor 26
that controls both the steering and cleaning functions of the
carriage 20. The positioning module 22 includes a sensor
array 38 that senses the relative position of the carnage 20
with respect to an individual reflector 16, as well as the
reflective state of the retlector 16. Based upon the sensed data,
the processor 26 selectively activates a tilt motor 30 to steer,
orient or position the individual reflector 16 mnto the desired
position. The sensor array 38 can include a combination of,
but 1s not limited to, proximity sensors, a 2D tilt meter, and an
optical reflectivity sensor. As shown in FIG. 2, the tilt motor
30 includes outwardly extending tilt legs or bars 32 that can
contact the surface of the reflector 16 to position the same.
The contact portions or pads of the tilt legs 32 can include
cushioned, resilient or soit surfaces to help prevent undesir-
able marring of the reflector surface. Any number of tilt
motors 30 and tilt legs 32 can be used to facilitate positioning,
of individual reflectors 16. Alternatively, the tilt legs 32 can be
configured as non-contact elements. For example, each
reflector 16 and each leg 32 can be provided with magnets
having the same polarity so that magnetic repulsion will force
movement of the reflector 16 as the tilt legs 32 move to tilt the
reflector 16 mto the desired position. A more specific example
of a magnetic t1lt mechanism 1s discussed below. Another
option includes the use of compressed air through the legs 32
for non-contact positioning of the reflector 16.

In use, the positioning/cleaning carriage 20 1s positioned
above the target reflector 16 so that the talt legs 32 are centered
with respect to the target reflector 16. Once the relative posi-
tion has been determined by the central processor 26, the tilt
motor 30 1s activated. In order to assist accurate placement of
the carriage 20, the carriage 20 can be rotatable, as indicated
by the arrow 23 1 FIG. 1. Moreover, the carriage 20 can be
provided with short rails orthogonal to each other so that finer,
horizontal positioning adjustments of the carriage 20 can be
made with respect to the target reflector 16. If needed, the
carriage 20 can include pneumatics, vertical rail, telescoping
arm or a rack and pinion mechanism to facilitate limited
vertical movement of the carriage 20 with respect to the target
reflector 16.

The method of utilizing the steering and cleanming mecha-
nism 10 described above 1s asynchronous, 1n that each mirror
stays at the same orientation until the next sweep, 1.e., instead
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of a whole row, column or grid block of reflectors 16 being
adjustably positioned at once, only one or a select few retlec-
tors 16 are so adjusted. This has been found to be a tolerable
compromise because target deviation between the sun and the
reflectors 16 between sweeps can be minimized by adjusting
parameters, such as the: number of reflectors, speed of posi-
tioning, orientation of the retlectors 16, the number of mov-
able rails 14, and the number of positioning/cleaning car-
riages 20 per movable rail 14.

As noted above, the positioning/cleaning carriage 20 also
includes features for cleaning the surface of the reflector 16.
The retlective properties of the reflectors 16 must be main-
tained at optimum levels as much as possible for efficient
throughput. In most 1instances, inirequent, periodic cleaning
should suffice, but 1n certain climates, such as deserts, the
frequency 1s higher due to accumulation of environmental
dust and other natural conditions. In order to minimize the
equipment, human resources and space required for a sepa-
rate cleaning system, the positioning/cleaning carriage 20
includes a cleanming module 24, as diagrammatically shown 1n
FIG. 3. Several levels of cleaning can be provided by the
cleaning module 24, For example, the cleaning module 24 can
include a dry electrostatic cleaning mechanism and/or a dry
air-blade mechanism for light cleaning, which 1s usetul for
removing errant dust. For a deeper clean, the cleaning module
24 can also imclude a fine mist sprayer for wet cleaning,
followed by the air-blade. A soft brushing can be applied after
misting for even deeper cleaning. An example of a wet
sprayer 1s taught by International Patent No. WO 2009/
061046, which 1s hereby incorporated by reference 1n 1ts
entirety. The movable rail 14 can house the air and fluid
needed to supply the cleaning module 24 for air and wet
cleaning, respectively, which renders the positioning/clean-
ing carriage 20 lightweight. In an alternative configuration,
the various cleaning mechanisms can be provided 1n separate
cleaning modules operatively attached to the movable rail 14.

In use, the optical reflectivity sensor 1n the sensor array 38
helps to determine the necessity and level of cleaning. When
both parameters have been determined, the processor 26 acti-
vates the cleaning module 24 and proceeds to clean the target
reflector 16.

As described, the dual functionality of the steering and
cleaning mechanism 10 allows frequent cleaning, and even
optical retlectivity evaluation. Moreover, the dual functional-
ity eliminates the need for additional space required for clean-
ing vehicles. This freed space can be used for installation of
additional reflectors 16, which expands capacity and through-
put. In the same vein, the size and number of motors normally
required to adjustably reorient the retlectors 16 1n conven-
tional systems are substantially reduced, since that would be
provided 1n a single unit, 1.e., the positioming/cleaning car-
riage 20. This permits reduction in conventional size of the
reflectors 16, which can potentially widen the choice of sites
for solar energy plants, e.g., to include small to medium size
sites. Furthermore, 1n some instances, the conditions of the
solar retlector plant do not require frequent cleaning. In those
situations, the positioning/cleaning carriage 20 can be pro-
vided as a positioning only carrniage, without the cleaning
module 24. This results 1n a lighter carriage that can be used
during frequent daytime operations with faster movement and
reduced energy costs for moving the carriage.

An alternative embodiment of a steering and cleaning
mechanism 100 1s shown 1n FIG. 4. In this embodiment, the
steering and cleaning mechanism 100 can sweep the array of
reflectors 16 1n an arcuate path. As shown, the steering and
cleaning mechanism 100 includes a fixed, inner arcuate rail
112 and a fixed, outer arcuate rail 113. A movable or sweeping
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rail 114 spans the inner and outer arcuate rails 112, 113 and
moves thereon, as indicated by arrows 111 and 1135. A posi-
tioming/cleaning carriage 120 1s slidably connected to the
movable rail 114. Besides the lateral movement of the car-
riage 120 along the rail 114, as indicated by arrow 121, the
carriage 120 can move orthogonal thereto and rotate, as 1ndi-
cated by arrows 125 and 123, respectively, 1in order to prop-
erly position the carriage 120 over individual retlectors 16.
The steering and cleaning mechanism 100 performs 1n a
similar manner to the steering and cleaning mechanism 10 1n
all other respects. This configuration also allows the reflectors
16 to be arranged 1n a radiating manner from the inner, arcuate
rail 112.

FIG. 5 shows an alternative arrangement for cleaning para-
bolic reflectors or mirrors 216 1n side view. As shown, the
cleaning mechanism 200 includes a fixed transfer rail 212 and
a movable or sweeping rail 214 slidably movable along the
transier rail 212. A wiper transfer carriage 220 1s disposed on
the movable rail 214 to slidably move thereon, orthogonal to
the fixed transfer rail 214. The wiper transier carriage 220 1s
operatively attached to a wiper 224.

Each parabolic reflector 216 includes a pair of rails 222
disposed on top and bottom ends of the reflector 216. The
wiper 224 1s bent or curved to conform to the parabolic shape
of the reflector 216 and includes outer, hooked bearings that
ride on the rails 222. The wiper 224 1s configured to provide
the same type of cleaning as the cleaning module 24, and the
sources for air and fluid can be housed 1n the wiper transier
carriage 220.

In use, the wiper transier carriage 220 selectively positions
the wiper 224 onto the rails of one of the parabolic reflectors
216. Then the carriage 220 slides along the rail 214 to simul-
taneously move the wiper 224 along the rails 222 and clean
the surface of the target reflector 216. Once completed, the
carriage 220 transfers the wiper 224 to another reflector 216
to repeat the cleaning process. As an alternative to the above,
the wiper 224 can be moved independently of the wiper
transier carriage 220. Moreover, the rails 222 can serve as
conductors to selectively power the cleaning process.

FIGS. 6-8B describe some of the means and methods for
positioning each mirror with great accuracy and minimal
contact with the retlective surface of the mirror. Automated
positioning of each reflector panel requires precise position-
ing of the cleaning modules discussed above. To facilitate the
process, some or all of the reflector panels 1n various array
configurations can include position-identifying indicia that
assist the processor 26 1n determining and monitoring the
relative positions.

An exemplary reflector panel 316 having identifying indi-
cia or markings 1s shown in FIG. 6. In this embodiment, the
reflector panel 316 can be a square or rectangular panel hav-
ing a reflective mirror surface 317 when viewed from above.
The various indicia shown on the surface of the reflector panel
316 are reference points that can be scanned by the sensor
array 38 or the like 1n determining the position of the panel
316, as well as the relative position of the carriage 20, 120.
These 1ndicia or markings can be etched onto the surface or
masked by other means, such as durable tape, paint, or
embedded strips of non-reflective material for optical contrast
with the retlective mirror surface 317. The relevant reference
points can be the center indicia or marking 327, representing,
the center of pivot for the reflector panel 316, a combination
of symbols 322 and line markers 324 (represented by, e.g., a
single line) for the X-axis identification indicia or marker, and
a combination of symbols 326 and line markers 328 (repre-
sented by, e.g., double lines) for the Y-axis identification
indicia or marker. Both the X-axis identification marker and
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the Y-axis 1identification marker can use a pattern of symbols,
such as the circles 322 and 326 shown in FI1G. 6, to 1dentify the
specific location of the reflector panel 316 within the array,
¢.g., the second panel 1n the first row of a three-by-three array.
Preferably, the above markings are non-reflective so that an
optical scanner can easily read the markings, and the proces-
sor can calculate and compare relative positions, and adjust
the orientation of the reflector panel 316 as needed. The
markings can also be opaque, so long as the contrast can
casily be determined. With the help of these markings, the
position of the selected reflector panel can be monitored,
recorded, and readjusted 1n subsequent passes of the position-
ing/cleaning carriage described herein.

FIGS. 7A and 7B show one example where the orientation
of a reflector panel can be facilitated with minimal or no
contact with the reflective surface thereof In this embodiment,
the reflector panel 416 1s mounted to a sub-frame 421. The
reflector panel 416 can be of similar configuration to the
previously described retlector panels 16, 316. The sub-irame
421 1s prvotally mounted to a joint 419 at the end of a base
418. The reference number 427 indicates the center of pivot or
rotation for the reflector panel 416. The joint 419 can be of the
same construction as the previously described joint 19. The
sub-frame 421 1s preferably cruciform so that the ends of the
orthogonal beams extend past the sides of the reflector panel
416. These extended ends form X-axis handles or contact
pads 423, and Y-axis handles or contact pads 4285.

In use, the positioning/cleaning carriage 420 1s positioned
over the reflector panel 416 with the tilt legs 432 extending
towards the X-axis handles 423 and the Y-axis handles 425.
Each tiltleg 432 includes a contact pad 434 at the end thereof.
Upon activation of the tilt motor 430, the contact pads 434
press on the X-axis handles 423 and the Y-axis handles 4235 to
orient the reflector panel 416 into the desired position. The
contact pads 434 can be configured the same as mentioned
above with respect to the tiltlegs 32. Alternatively, the contact
pads 434 can be electromagnetic contact elements, and at
least the handles 423, 4235 can be constructed from ferromag-
netic materials or magnets to facilitate mutually secure con-
tact between contact pads 434 and the handles 423, 425 for
subsequent orienting of the reflector panel 416. With the
above construction, there 1s minimal to no contact with the
reflective surface 417, which substantially reduces inadvert-
ent marring of the reflective surface 417 that might degrade
optical performance. Moreover, the sub-frame 421 and the
handles 423, 425 thereof provide mechanical support during
the cleaning process, especially via the mutual contact
between the contact pads 434 and the handles 423, 425.

FIGS. 8A and 8B shows another example where the orien-
tation of a reflector panel can be facilitated with minimal or no
contact with the reflective surface thereof. In this embodi-
ment, the retlector panel 516 includes a plurality of magnets
mounted to the back of the reflective surface 517. The mag-
nets are arranged collinearly along the X- and Y-axes, result-
ing 1n a row of X-axis magnets 523 and a column of Y-axis
magnets 523.

In use, the positioning/cleaning carriage 520 1s positioned
over the reflector panel 516 with the tilt legs 532 extending
towards the X-axis magnets 523 and the Y-axis magnets 525.
Each tiltleg 532 includes a contact pad 334 at the end thereof.
In this embodiment, the contact pads 534 are magnets
arranged to have the same polarity as the magnet that the
contact pad/magnet will be mteracting with. In other words,
the arrangement of the magnetic polarities of the contact pads
534, the north “N”” and south “S” poles, will be the same as the
arrangement ol magnetic polarities, the “N” and south “S”
poles, of the X-axis magnets 523 and Y-axis magnets 325, in
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order to induce magnetic repulsion, rather than attraction.
Thus, upon activation of the tilt motor 530, the contact pads
534 press towards the X-axis magnets 523 and the Y-axis
magnets 525 and force those areas to orient the retlector panel
516 into the desired position via magnetic repulsion. This
prevents direct contact between the contact pads 534 and
reflector panel 516 to thereby prevent potential optical deg-
radation. The strength of the magnets can be varied, as
required. In addition, the magnets can be electromagnets.

It 1s to be understood that the present immvention i1s not
limited to the embodiments described above, but encom-
passes any and all embodiments within the scope of the fol-
lowing claims.

I claim:

1. A steering and cleaning mechanism for reflector arrays,
comprising;

at least one fixed rail disposed adjacent a plurality of reflec-

tors arranged 1n an array, each of the reflectors having a
reflective surface;

at least one sweeping rail disposed on the at least one fixed

rail and slidably movable thereon;

at least one positioning and cleaning carriage mounted to

the sweeping rail, the carriage being slidably movable
along the sweeping rail, the carriage having a position-
ing module and a cleaning module mounted thereon,
said at least one positioning and cleaning carriage
including a central processor for selective activation of
said positioning module and said cleaning module, a
sensor array for sensing at least the relative position
between said at least one positioning and cleaning car-
riage and at least one selected reflector, and at least one
t1lt motor for facilitating reorientation of the at least one
selected reflector;

a base for mounting each said retlector; and

a ball and socket joint disposed between said retlector and

the base, said ball and socket joint facilitating orienting,
movement of each said reflector,

wherein the at least one positioning and cleaning carriage

1s positioned above the at least one selected reflector by
the combined movement of the sweeping rail along the
at least one fixed rail and the movement of the carriage
along the sweeping rail, and selective activation of the
positioning module and the cleaning module, respec-
tively, orients the modules respective to the at least one
selected reflector and cleans the reflective surface
thereof.

2. The steering and cleanming mechanism for reflector arrays
according to claim 1, wherein said sensor array comprises
proximity sensors, a 2D tilt meter, and an optical reflectivity
SEensor.

3. The steering and cleaning mechanism for reflector arrays
according to claim 2, wherein said positioning module com-
prises at least one pair of tilting legs, the tilting legs being
selectively movable by said at least one tilt motor to tilt said
target reflector into a selected position.

4. The steering and cleaning mechanism for retlector arrays
according to claim 3, wherein each said ball and socket joint
turther comprises a mechanical guide, the guide restricting
tilting each said reflector to two directions orthogonal to each
other.

5. The steering and cleanming mechanism for reflector arrays
according to claim 3, wherein at least one of said reflectors
comprises a plurality of i1dentification indicia disposed on
said retlective surface, the 1dentification indicia representing
axes, a center of prvot, and identity of the at least one reflector
to be read by said positioning and cleaning carriage.
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6. The steering and cleaning mechanism for reflector arrays
according to claim 5, wherein said plurality of 1dentification
indicia are non-retlective.

7. The steering and cleaning mechanism for retlector arrays
according to claim 3, further comprising a sub-frame support-
ing said reflector thereon, said sub-irame being pivotally
mounted to said joint, said sub-frame having orthogonal,
clongate beams, the beams having ends extending past sides
of said retlector, the ends of said elongate beams forming
handles to be acted on by said tilting legs for positioning said
reflector.

8. The steering and cleaning mechanmism for reflector arrays
according to claim 3, further comprising:

a plurality of magnets mounted behind said reflector, each

of the magnets having magnetic polarity; and

a contact pad disposed on each said tilting leg, the contact
pad being a magnet having a polarity configured to inter-
act the corresponding magnets on said retlector for posi-
tioning said reflector.

9. The steering and cleaning mechamism for reflector arrays
according to claim 8, wherein said contact pad magnet
includes has magnetic polarity the same as said correspond-
ing magnets on said reflector to induce magnetic repulsion,
said reflector being moved by said magnetic repulsion.

10. The steering and cleaning mechanism for retlector
arrays according to claim 2, wherein said cleaning module
comprises a dry electrostatic cleaning mechanism and a dry
air-blade mechanism for light cleaning, and fine mist sprayer
and a soft brush for wet deep cleaning.

11. The steering and cleaning mechanism for reflector
arrays according to claim 2, wherein said cleaning module
comprises a cleaning mechanism selected from the group
consisting of a dry electrostatic cleaning mechanism, a dry
air-blade mechanism, a fine mist sprayer and a soit brush.

12. The steering and cleaning mechanism for reflector
arrays according to claim 1, wherein said at least one fixed rail
comprises a pair of elongate, spaced rails, the rails being
disposed on opposite sides, respectively, of said array of
reflectors.

13. The steering and cleaning mechanism for reflector
arrays according to claim 1, wherein said at least one fixed rail
comprises an inner arcuate rail and an outer arcuate rail, the
outer arcuate rail being radially distant {from the inner arcuate
rail, the arcuate rails being disposed on opposite sides,
respectively, of said array of reflectors.

14. The steering and cleaning mechanism for reflector
arrays according to claim 1, wherein said at least one posi-
tioning and cleaning carriage 1s rotatable and slidably mov-
able orthogonally with respect to said sweeping rail.

15. A cleaning mechanism for parabolic retlector arrays,
comprising;

at least one fixed transier rail disposed adjacent a plurality
of parabolic retlectors arranged in a spaced array; each
of the parabolic reflectors having a curved reflective
surface:;

at least one sweeping rail slidably movable along the at
least one transfer rail;

at least one wiper transier carriage disposed on the sweep-
ing rail, the at least one wiper transier carriage being
slidably movable thereon orthogonal to the fixed transfer
rail;

a wiper operatively attached to the at least one wiper trans-
fer carriage, the wiper having a curved shape conform-
ing to the curved retflective surface of the parabolic
reflector, the wiper transier carriage selectively transier-
ring the wiper from one retlector to another and moving
the wiper across the reflective surface of a target para-
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bolic retlector, the wiper having a cleaning module to
clean the reflective surface as the wiper moves across the
target parabolic reflector; and

a pair of rails disposed on opposite ends of each parabolic

reflector, the pair of rails supporting the wiper for sliding s
movement thereon.

16. The steering and cleaning mechanism for reflector
arrays according to claim 15, wherein said cleaning module
comprises a dry electrostatic cleaning mechanism and a dry
air-blade mechanism for light cleaning, and a fine mist 10
sprayer and a soft brush for wet deep cleaning.

¥ ¥ # ¥ o
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